A "below-diffraction-limited" aperture within the readout spot for high-density recording can be achieved on erasable thermal phase change super resolution (EPSR) disks. Compared to the large aperture wall formed by the DC detection method, the small aperture wall formed by pulse readout can not only increase the signal amplitude, but also suppress readout noise when detecting the EPSR disks. The small aperture wall width generated by pulse readout in the EPSR disk resulted in an 8 dB higher in carrier-to-noise (CNR) than that by DC readout in the conventional single-recording-layer phase change disk when reading the below-diffraction-limited marks of 0.4 µm.
Introduction
In optical disk storage devices, the recording density is limited by the law of diffraction. Although using a shortwavelength laser diode and a high NA lens can increase the recording density, the blue laser diode and lens with NA higher than 0.6 are still expensive and not readily available. In erasable phase change optical recording, we have reported that diffraction limitation can be circumvented by applying a super resolution technique. 1) Thus, the recording density can be significantly increased at a given laser wavelength and objective NA.
DC laser irradiation is normally used for readout in optical disks. However, the wall width of the thermal aperture formed by DC laser irradiation is too large to read out the sub-µ marks with an adequate carrier-to-noise ratio (CNR) due to heat diffusion.
2) Therefore, pulse irradiation, which can form small aperture wall width is adopted to read out the belowdiffraction-limited marks on erasable thermal phase change super resolution (EPSR) disks. In the paper, the effects of the aperture wall on the readout signal of the EPSR disks were discussed to increase CNR and achieve a higher density recording.
Principle
The mechanism of detecting below-diffraction-limited marks in an EPSR disk is ascribed to the refraction index of phase change material as a function of temperature. When the temperature of the phase change material is above its melting temperature T m , the index of refraction, both real (n) and imaginary (k) parts, decreases rapidly.
3)
The EPSR disk is composed of a mask layer and a recording layer as the active layer, as drawn in Fig. 1 . Both mask and recording layers were composed of the phase change medium GeTeSb, but with different percentage content, therefore, with different critical cooling rates. 4, 5) The three dielectric layers, top, middle, and bottom, are all composed of ZnS-SiO 2 . The main functions of the dielectric layers were to prevent material diffusion and to control the cooling rate and reflection coefficient. 1, 6) The aluminum (Al) layer functioned as a heat sink and a reflective layer.
The amorphous marks and crystalline unrecorded area of the recording layer correspond to two different refraction indices. When a light spot scans through the readout track, the wall, the rapid change of the reflection coefficients also generates noise. Compared to the low reflection coefficients, R sx and R sa , and the low contrast ratio, (R sx − R sa )/R sx , within the mask area, the large change in reflectivity within the aperture wall is one of the main readout noises of the EPSR disks.
Simulation
The simulated readout signal S(t) of EPSR disks was derived by taking the convolution of the Gaussian profile of a diffraction-limited light spot, L(x, y), and the distribution of data marks, R(x, y), in the track, as shown in Fig. 3 . The wavelength and NA in the simulation were 650 nm and 0.6, respectively; thus, the calculated full-width at half maximum (FWHM, ∼0.6λ/NA) of the light spot was about 0.64 um. The mark size and the spatial frequency of the recorded pit employed in the simulation were 0.25(0.6λ/NA) or 0.16 um, and 0.5(0.6λ/NA) or 0.32 um, respectively; in other words, one light spot covered two pit periods, as shown in Fig. 2 
(b). CNR or the power spectrum P( f ) of the readout signal S(t) could be derived by Fourier transformation of S(t).
Using the thermal model, the formation of the aperture on the EPSR disks was derived; the allocation of laser energy within the disk structure was simulated using the thin-film theorem and metrics. 7, 8) Dynamic scanning of the Gaussianprofile reading spot on the readout track resulted in an asymmetrical temperature profile. 9) In detection on the EPSR disk, temperatures of the rear and front parts of the mask layer inside the light spot are above and below T m , respectively, as shown in Fig. 2 (a), which also correspond to two different refraction indices. Therefore, four reflection coefficients, R ma , R mx , R sa , R sx , exist within a light spot, as shown in Figs. 2(b) and 2(c). In rear aperture detection (RAD), the melting region (rear part of light spot) and the solid region (front part of the light spot) of the mask layer are designed to be the aperture and the mask region of the diffraction-limited reading spot, respectively. When RAD is adopted, the reflection coefficients, R ma and R mx , and the contrast ratio, (R mx − R ma )/R mx , within the melting aperture should be higher than those in the solid mask area. Therefore, the contrast ratio within the thermal aperture area mainly determines the signal modulation of the reading spot. In contrast, (R sx − R sa )/R sx in the mask area results in noise during readout. 6) However, a transition region exists in the aperture wall, from the readout temperature T r to T m . Inside the aperture the temperature of the irradiated region of the mask layer near the laser spot center is higher than the melting point, while that around the laser spot center is lower than the melting point, as shown in Fig. 4 . Consequently, the temperature gradient from T m to T r results in the gradient of the refractive index of the mask layer, as shown in Fig. 5 . Noise caused by the rapid reflectivity change of the mask layer in the transition region defined as the aperture wall width would affect the quality of the readout signal of the EPSR disks.
In order to achieve effective reading on EPSR disks without destroying the recorded amorphous marks, the temperature of the mask layer should be higher than T r ; in contrast, that of the recording layer had to be kept below the crystallization temperature T x to avoid erasing of the amorphous marks. Furthermore, the aperture wall width had to be decreased to reduce the readout noise from the EPSR disks. level of the reading pulse used in the thermal simulation were 50 ns and 6 mW/2 mW, respectively. With the DC laser beam scanned along a track of a disk, the calculated convolution S(t) of the diffraction-limited laser spot and the data mark R(x, y) is shown in Fig. 8 , where the aperture size and aperture wall width were 0.21 and 0.125 um, respectively. From the simulated results, it was found that the noise constituent of the readout signal is mainly generated from the aperture wall. The small aperture wall formed by applying the pulse-readout method, can therefore reduce readout noise, as revealed in Fig. 9 , to one of much sharper reflectivity transition between detected and masked regions.
Compared to the DC detection method, the small aperture wall generated by adopting pulse-readout can increase the amplitude of the readout signal S(t) of the EPSR disks, as shown in Fig. 10 . Moreover, the small aperture wall can reduce peak shifts which is undesirable in pulse-widthmodulation (PWM) high-density recording.
Results and Discussion
A DC laser beam scanned along a track of a disk is usually used for detection on conventional disks. However, the calculated aperture wall width in the mask layer becomes large due to the heat diffusion upon applying DC detection to the EPSR disks, as shown in Fig. 6(a) . In addition, when the temperature of the mask layer of the recording layer exceeded T r , the temperature of the recording layer exceeded T x ; thus, the amorphous marks in the recording layer were erased, as shown in Fig. 6(b) . The read power Pr and linear velocity used in the DC-read thermal simulation were 5.5 mW and 5 m/s, respectively.
Alternatively, adopting pulse-read detection could form melting aperture with small aperture wall and prevent erasing of the amorphous marks in the recording layer. The simulated results showed that the maximum temperature of the recording layer was lower than T x and the aperture wall width decreased to 50% of that in DC detection, as shown in Figs in increasing the signal amplitude and suppressing the readout noise.
Conclusion
In detecting the EPSR disks, the temperature gradient near the melting temperature of the mask layer within the laser spot due to pulse irradiation was found to be sharper than that due to DC irradiation. The small aperture wall width generated by pulse readout in the EPSR disk resulted in an 8 dB in the CNR than that by DC readout in the conventional disk when reading the below-diffraction-limited marks of 0.4 µm. Moreover, adopting pulse readout can prevent erasure of amorphous marks in the recording layer, and also reduce the readout-signal peak shift.
The measured CNR at a mark size of 0.83 um corresponding to the FWHM of the readout laser beam is 55 dB on a conventional erasable phase change disk with a single recording layer at λ = 780 nm and NA = 0.55. However, the CNR is reduced to 23 dB at a mark size of 0.4 µm. In contrast, the CNR at a mark size of 0.4 µm in the EPSR disks measured by pulse readout is 32 dB, which is an 8 dB higher than that in the conventional disk. Consequently, the small-aperturewall detection aperture formed by pulse readout is effective 
